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FOREWORD

“Don’t worry. It can’t happen.”

Those words were the title of an article by Jean Harrington that appeared in Scien-
tific American in 1940. The statement is in reference to the fears that an explosion
might occur as the result of a chain reaction of uranium fissions. Only about a year
before the article was written, two German physicists, Hahn and Strassmann, had managed
to split a uranium atom, releasing 200,000,000 electron volts of energy. Follow-up
research by Paris scientists Joliot, von Halban, Kowarski, and Perrin provided evidence
that, due to the superheat created in fission, a chain reaction could not happen. Most
of the scientific community agreed their findings were probably true.

But then, on December 2, 1342, scientists assigned to the World War II "Manhattan
Project"” managed to build up a nuclear pile to critical mass, subsequently achieving
the first self sustaining atomic chain reaction. Less than three years later, on July
16, 1945, the first nuclear bomb was exploded in the Trinity test at Alamogordo, New
Mexico. Next, not even one full month later, on August 6 at 8:16 a.m., Hiroshima, Japan
experienced the destriuctive power of a nuclear explosion when it was used for the first
time as a weapon. With these,events, America was launched into the '"nuclear age"
and the nuclear threat became a reality.

The impact of this nuclear threat and how to survive it is a growing area of concem.
Increasing importance is being placed on making our weapon systems hardened to the
effects and monitoring and maintaining that hardness. An example of the Air Force's
recognition of the "Survivability"” problem is found in AFR 80-38 which says each Air
Logistic Center (ALC) Materiel Management Engineering Division (MME) will designate
a survivability Office of Prime Responsibility (OPR) within the division, thus providing
a central core of engineering survivability expertise for the System Program Managers
(SPM's) and Item Managers (IM's) support after Program Management responsibility
Transfer (PMRT). At Oklahoma City Air Logistic Center (OC-ALC), the section assigned
this responsibility is MMEAS.

The material presented herein is intended to be used in conjunction with and supple-
mental to the "Nuclear Weapons Effects” seminar developed for the U.S. Air Force
by the Boeing Military Airplane Company (BMAC). Development of the seminar material
was performed under OC-ALC/MME contract F3460185-D-3427, Engineering Assignment
MMEAS 85-004.

The purpose of the seminar is to provide the following information to newly assigned
MMEAS survivability engineers:

a. An awareness of the magnitude and complexity of the varied nuclear threats.

b. An overview of general and specific Air Force policies and procedures in
these areas:

A.F. Tech Order system .
Maintenance Data Collection system
Hardness Maintenance/Hardness Surveillance
Configuration control
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c. A detailed look at the "electronic” threat, Electromagnetic Pulse (EMP),
and how to safeguard against it.

d.  Methods of detecting degradations in the hardness of a system or sub-system
through testing and inspection.

The seminar includes some theoretical background data, but focuses on practical
applications.

Material presented during this seminar is provided as guidance and is not to be
taken as directive in nature.

Acknowledgment is hereby given to the following people for their contribution

to the preparation of this document: Brent DeMoss, Jim Patton, Tom Siria, Bob Haney
and Peter Richeson.
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NOMENCLATURE

GREEK ALPHABET

Greek Greek English Greek Greek English
letter name equivalent letter name equivalent
Aa Alpha a Nv Nu n
B3 Beta b ¢ Xi x
Gamma g Oo Omicron &
A Delta d M Pi p

E e Epsilon ] Pop Rho r
Z¢ Zeta z Zaos Sigma s
Hn Eta & Tr Tau t
660 Theta th Tv Upsilon u

I Iota i L 2 ) Phi ph
K« Kappa k X x Chi ch
AX Lambda 1 L 8 2 Psi ps
Mu Mu m Qw Omega [

number of carriers
free field EMP (V/m)

fill

. total current (amps)

the imaginary operator in a complex number (j = (-1)-5)
kiloton |

1000 volts/meter

length

million electron volt

megaton

million volts

number of ends in a carrier !

electric shielding factor

ngivenk=_n!__
(n-k)! k!

magnetic shielding factor
picks
ground reflection coefficient for horizontal polarization
D.C. resistance per unit length (ohms)
ground reflection coefficient for vertical polarization
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- CHAPTER 1: THE THREAT

The destructive power of a weapon is due to the rapid release of high levels of
energy in a small area when the weapon explodes. The magnitude and form of damage
resulting from ac w:gpon detonation are dependent upon the weapon type, the amount
of energy being released from the weapon, the distance from the explosion, and the
amount of time elapsed between the time of explosion and the time the effects of the
explosion reach the target.

There are two primary types of explosive devices: chemical, such as T.N.T., and
nuclear. For either of these, the "output," or the effective yield, is measured in terms
of the total amount of energy released in the explosion, relative to the amount by weight
of TNT. which would produce the same total energy. The yield for a nuclear device
is typically given in terms of kilo-tons (thousand tons), or mega-tons (million tons).
These are abbreviated as KT and MT respectively. In terms of energy, one KT yields
approximately 1012 calories. The energy output from an explosion is detectable in
the forms: blast and shock, the change in pressure due- to an explosion; thermal, the
sudden increase in temperature; and nuclear radiation, the result of radioactive elements
in a nuclear explosion.

1
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SECTION 1

PRINCIPLES OF NUCLEAR EXPLOSIONS

Nuclear explosions are classified as fission reactions or fusion reactions. Fission
refers to the splitting of the nucleus of a fissionable atom. Fusion is accomplished
by the uniting of two :ight nuclei to form the nucleus of a heavier atom. In either case,
the resultant nuclei have less mass than the original with the difference being converted
to energ> That energy appears in the form of blast, heat, x-rays, gamma rays, neutrons,
ete., all of which will be discussed later.

Fission occurs when a free neutron, while traveling through the isotope material
strikes the nucleus of one of the atoms and causes the nucleus to break in two. When
this fission occurs, there is an energy release of approximately 200 MeV or 32 x 1 0-6
Joules and there will also be 2 or 3 neutrons thrown free from the split atom. The neu-
trons freed by the fission process are then able to move in such a manner as to possibly
collide with another nucleus, thus causing another fission. A fission created by a neutron
released from a previous fission constitutes a chain reaction. When the number of fissions
occurring during one generation is equal to or greater than the number of fissions which
took place in the preceding generation, the chain reaction is said to be self sustaining.
Using select isotopes of uranium and plutonium, a fission or fusion explosion can emit
about 2 x 1026 neutrons per megaton yield.

The history of the split uranium atom goes back to just prior to January 26, 1939.
It was on this date that the news was released to the Fifth Washington Conference on
Theoretical Physics that Dr. Otto Hahn had, only a few wee.s earlier, shattered a uranium
atom using neutron bombardment. Dr. Hahn, a noted German physicist working at the
Kaiser Wilhelm Institute in Berlin, was rummaging through the remains of one of his
experiments and found that barium was one of the products resulting from neutron bullets
blasting a uranium nucleus in two. Barium is only slightly heavier than half the weight
of uranium. Others, having inside information, scrambled to duplicate Hahn's find.
Ten days before the conference, Frisch and Meitner, in Copenhagen, verified the results
and on January 25, one day before the conference, a group of Columbia University physi-
cists carried out a similar experiment. By the termination of the conference on January
28, Camegie Institution of Washington, Johns Hopkins, and the University of California
laboratories had provided three more confirmations.

Whether or not a fission takes place and whether or not a chain reaction of fissions
occurs and whether or not the number of fissions increase rapidly enough to have an
explosion are all dependent upon the mass of the fissionable material, the container
in which the material is housed, and the presence of other elements having lighter nuclei.
For large amounts of nuclear energy to be released, a chain reaction of fissions must
occur. The fission of one pound of uranium or plutonium produces approximately an
8 KT burst.

The mass factor is divided into three classifications: subcritical, critical, and
supercritical. For the purposes of this discussion, the symbol "f" will be used to represent
the fission rate factor which will define the criticality of the mass. This factor in equa-
tion form is given as:

f= number of fissions in generation n
number of fissions in generation n-1

2
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When "f" is less than 1, the mass is considered subcritical, for "f" greater than
1, the mass is supercritical, and a factor "f" of unity represents critical mass. When
the mass (s critical, the chain reaction is such that no explosion will occur, but the
heat generated by the fissions will cause the substance to melt down or alter in form
toward subcritical. To crea‘e an explosion, supercritical mass is required. Subcritical
mass provides for a non-explosive decay of the radioactive material. The decay takes
place as neutrons are lost by escaping from the substance.

FIGURE 1-1. Neutron Scattering.

Neutrons liberated by a fission aré capable
of causing another fission, or may be lost -
through non-fission reactions, or escape.

Fusion is the combining of nuclei of hydrogen isotopes (deuterium and tritium)
to form a heavier element. In order to obtain a fusion, temperatures in the range of
tens of millions of degrees are required to excite the isotope nuclei to a high energy
level. Typically, the most efficient method for generating thot kind of heat is to have
a fission reaction. By combining the fissionable products with the fusionable isotopes, -
a weapon of much greater power than a fission only weapon is produced. These fission
triggered, fusion weapons are generally referred to as "thermonuclear” weapons.

ENERGY FORMS

~or a nuclear explosion the energy yield is in blast and shock, thermal, and radiation
forrn  The approximate split for an atmospheric explosion is: 50% blast and shock,
3,% termal, and 15% radiation. The energy form which poses the greatest threat
ic ..oendent upon the altitude of the explosion, the recipient of the threat (i.e. people,
build.no=. 2lectronic equipment, etc.), and the distance between the blast and the recipi-
ent.

3
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BURST CLASSIFICATION

Because the nuclear threat factors are a function of the height of burst, explosions
are classified as one of the four: subsurface, surface, air, or high altitude. For example,
blast, shock, and thermal threats are more significant from a surface burst than from
a high altitude burst. EMP, on the other hand, is a greater concern as a result of a
high altitude blast.

A subsurface burst is one in which the weapon's center of gravity is beneath the
ground or under the surface of water. A fully contained subsurface burst is one in which
the fireball does not reach the surface. A surface burst is one which occurs either on
the earth's surface or slightly above. The allowable distance above the surface which
wtll differentiate between a surface burst and an air burst is determined by the size
of the fireball. When the altitude is such that the burst is within the atmosphere (under
100,000 feet), and the fireball, at its greatest intensity no longer touches land or water,
the explosion is called an air burst. A fireball can grow to over one mile across at its
maximum brilliance, requiring a detonation altitude of over 2,500 feet to be an air burst.
A high altitude burst is generally defined as one which occurs above 100,000 feet (above
the altitude where there is any significant atmosphere).

4
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SECTION 2
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An explosion will cause an increase in pressure and the rapid expansion of the
compressed gasses is an energy release called "shock wave" or "blast wave." There
are two factors of concern resulting from a blast wave: overpressure and underpressure.
Overpressure is the difference between the ambient pressure and the total pressure
at a given point during the blast.

OVER PRESSURE

"UNDER PRESSURE

FIGURE 2-1. Overpressure will occur as the blast force is moving
outward from the detonation, and underpressure occurs during the
period of "suction” toward the blast area.

Overpressure occurs as the blast radiates outward from the explosion and is called
the positive phase (Phase I) of the blast wave. This rapid outward movement of air
causes a vacuum to be formed which leads to phase two of the blast, the returm to pres-
sure equilibrium. Phase II, or the negative phase, lS the period of underpressure or the
interval of pressures less than ambient,

Testing of both high explosive conventional and nuclear weapons have provided
evidence that a given pressure will occur at some distance from the explosion in propor-
tion to the cube root of the energy yield. This assumption gives an approximation into
the megaton range.

S
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(r/ry) = (W/wy)1/3 (Eqtn 2-1)

Where r; and W are the reference slant range and energy yield, respectively,
W is the energy yield of the weapon in question, and r is the slant range at the pressure
of interest.

EXAMPLE 2-1:

GIVEN: A 1KT weapon produces a 200 psi overpressure 275 feet from
the blast.

FIND: At what distance would a 10KT blast provide the same level
of overpressure?

SOLUTION: rp = 275ft, W; = 1KT, W = 10KT
r =ry wW/wpl/3
r=2592 feet.

The same relationship exists between the time of arrival of the positive phase of
the blast and the energy yields, as shown in Equation 2-2.

(t/ty) = (w/wp)i/3 ' (Eqtn 2-2)

Where t] is the reference time and t is the time in question.

The preceding relationships are very simplistic and do not take into account such
factors as height of burst, reflection of the blast front off of a surface, etc.

Typical physical characteristics of a blast wave are shown in Figure 2-2. As shown,
the shock front moves away from the burst center and the incident wave is reflected by
the earth. When the reflected wave intercepts the incident wave, a combining of pressures
is created. The point where this combination occurs is known as the "triple point" and
the area below the triple point is called the "Mach Stem Region".

é
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FIGURE 2-2. The Mach Stem Region, (shaded area),
is the region in which the incident blast wave and the
reflected wave result in additive pressures.

Ideally, the pressure generated at the shock front would be the simple addition of
the incident and reflected wave pressures, but this is not the case. The pressure below
the triple point is dependent on the incident overpressure, P, and the angle of incidence, .

The following graph (2-1) shows the relationship between the incident and reflected
pressures for angles of incidence between zero and 90°. Pr is the reflected blast
overpressurses and P is the initial peak incident overpressure.
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GRAPH 2-1. Reflected Overpressures Ratio.
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To use this graph, when the incident pressure and angle of incidence are known, ’
simply locate the point of intersection of the two, read the corresponding ratio from the
left side of the graph, and multiply the incident pressure by the factor read.

EXAMPLE 2-2;

GIVEN: An incident wave of 50 psi overpressure strikes a surface at
40°.

FIND: What is the "mach stem" pressure?

SOLUTION: The 50 psi overpressure line intersects the 40° reference line

at the point where the reflected overpressure ratio is 4. Multiply
the incident pressure of 50 psi by 4 to get 200 psi mach stem
pressure.

Another parameter is "peak overpressure” or, as the phrase implies, the maximum
amount of overpressure felt from a blast front. The peak overpressure at a given range
can be analytically determined, within a factor of 2, by:

Pop = (3000) (W/1IMT) (1000 feet/r)3 (Eqtn 2-3)
+(192) W/IMT)1/2 (1000 feet/r)3/2 psi

Referring back to the example in which it was calculdted that a 200 psi overpressure
would be felt at 592 feet from a 10KT blast, those figures can be used to work backward
to show the relationship of the two equations.

EXAMPLE 2-3:
Pop = (3000) (10KT/1MT) (1000/592)3
+(192) (10KT/1MT)/2 (1000/592)3/2 psi
= 187 psi.

This shows an error of only 6.5% difference and should provide an acceptable approxi-
mation.

Another factor in the blast category is dynamic pressure. Dynamic pressure is a
pressure related to the winds developed by an explosion. The dynamic pressure is propor-
tional to the square of the velocity of the wind preceding the shock front. Dynamic pres-
sures can be greater than or less than the magnitude of overpressures, dependent on weapon
yield. Very strong shocks will produce higher dynamic pressures vs. overpressures, whereas
lighter shocks will cause overpressures greater than dynamic.

A relationship for the dynamic pressure can be related to the velocity of the wind

q=1/2(pv?) (Eqtn 2-4) ,

: 8
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Where p is the density of air behind the shock front, and v is the velocity of the
air moving behind the shock front.

RELATIONSHIPS OF BLAST FACTORS

As engineers at an Air Logistics Center (ALC), your involvement with the effects
of shock will likely be minimal, if not nonexistent. The information provided is therefore,
only introductory. Since imitation is the sincerest form of flattery, Messrs. Glasstone
and Dolan should feel gratified that nearly all material herein on shock (and thermal
radiation) is a condensed version of their "The Effects of Nuclear Weapons.”
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GRAPH 2-2, Blast Wave Characteristics.
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The "Blast Wave Characteristics” graph (2-2) allows a comparison look at the various
factors making up the blast and shock threat. Some examples of the things that are shown
in this graph include:

1) Peak overpressure and reflected pressure start at about the same magnitude
when pressures are low, but at maximum values shown, reflected pressure is
five times greater than peak overpressure.

2) Dynamic pressure is less than peak overpressure in ranges below 70 psi;and -larger
than peak overpressure for ranges above 70 psi.

The following pages contain various graphs showing blast factor relationships. With
each graph, there is a description, as well as a problem solving example.

Graph 2-3 shows peak overpressure as a fuﬁction of Height of Burst (HOB) and distance
from ground zero. These values are scaled to a 1 KT burst using the cube root rule:

d _t _h _yis (Eqtn 2-4)

An example illustrating the use of this graph is shown below:

EXAMPLE 2-4:
.GIVEN: An 80 KT detonation at a height of 860 feet.
FIND: The distance from ground zero to which 1,000 pm overpressure
extends.
SOLUTION: The corresponding height of burst for 1 KT, i.e., the scaled height,
is:
hy = h . _860 = 200 feet.

wl/3  (g0)l/3

From graph 2-3, an overpressure of 1,000 psi extends 110 feet from ground zero
for a 200-foot burst height for a 1 KT weapon. The corresponding distance for 80 KT
burst is:

d =d;wl/3 = 110 X (80)1/3 = 475 feet.

10
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GRAPH 2-3. Peak overpressures in Mach Stem Region
(1KT burst) (pressure on the ground).

Graph 2-4 serves the same purpose as graph 2-3, but for an extended range. A sample
problem is: .

EXAMPLE 2-5:

GIVEN: A 100 KT detonation at a height of 2,320 feet.

FIND: The peak overpressure at 1,860 feet from ground zero.

SOLUTION: The corresponding height of burst for 1 KT is:
hp=_h_ = 2320 _ 5o feet

wl/3  (100)1/3
and the ground distance is:

dj= _d_ = _ 1,860
wl/3  (100)1/3

= 400 feet

From graph 2-4, at a ground distance of 400 feet and a burst height of 500 feet,
the peak overpressure is 50 psi.

11
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’

Graph 2-§ is the last of a set of three which show peak overpressure as a function
of HOB and distance from ground zero. This graph illustratcs far range blast wave charac-
teristics. :

EXAMPLE 2-6:

GIVEN: A 125 KT detonation.

FIND: The maximum distance from ground zero to which 4 psi extends,
and the height of burst at which 4 psi extends to this distance.

SOLUTION: From graph 2-5, the maximum ground distance to which 4 psi extends

for a 1 KT weapon i3 2,600 feet. This occurs for a burst height
of approximately 1,100 feet. Hence, for a 125 KT detonation,
the required burst height is:

h =hywl/3 = 1,100 x (125)1/3
h = 5,500 feet.
The distance from ground zero (s then:

d =dy;wl/3 = 2,600 x (125)1/3
d = 13,000 feet.
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GRAPH 2-5. Peak overpressures on the ground (1KT burst).

DYNAMIC PRESSURE

The curves in graph 2-6 show the values of the horizontal component of dynamic
pressure as a function of HOB and distance from ground zero. These figures represent

approximately ideal surface conditions.

For terrain variations,

additional data would

be required. Use of this graph relies on the same distance to weapon yield relationships
and, as in previous graphs, normalization to 1 KT is required.

EXAMPLE 2-7:

GIVEN:
FIND:

SOLUTION:

. A 160 KT burst at a height of 3,000 feet.

The horizontal component of peak dynamic pressure on the surface
at 6,000 feet from ground zero.

The corresponding height of burst for 1 KT is:

hI—

L

_32102_ = 583 feet

wl/3 (160)1/3
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The corresponding distance for 1 KT is:

dy ._d___6000 _ ;105 feet
wi/3 (160)1/3

From graph 2-6, at a distance of 1,105 feet from ground zero, and a burst height
of 553 feet, the horizontal component of the peak dynamic pressure is approximately
3 psi. ST

.,:: B SR = z
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sl L
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GRAPH 2-6. Peak Dynamic Pressure. Horizontal component (I KT burst).

The durations of the overpressure phase and the dynamic pressure as a function
of HOB and distance from ground zero are given in graph 2-7. Scaling to a 1 KT burst,
the reference time, tj, can be found and from that, the durations of the pressures. Once
again, the cube root scaling is:
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EXAMPLE 2-8:
GIVEN:

FIND:

SOLUTION:

EXAMPLE 2-9:
GIVEN:

FIND:

A 160 KT explosion at a height of 3,000 feet.

The positive phase duration on the ground at a distance of 4,000
feet from ground zero of (a) the overpressure, (b) the dynamic
pressure.

The corresponding height of burst for 1 KT is:

h; __h_ _ 3,000

= =553 feet.
wl/3  a60)1/3

and the corresponding distance from ground zero is:

dr . d_ . 4000 _ 737 feet.
wl/3 (160)1/3

(@) From graph 2-7, the positive phase duration of the overpressure
for a 1 KT at 737 feet from ground zero and a burst height
of 553 feet is 0.18 seconds. The corresponding duration of
the overpressure positive phase for 160 KT is, therefore:

t;wl/3 = 0.18 X (160)1/3
0.98 seconds.

t
t

() Also from graph 2-7, the positive phase duration of the dynamic
pressure for 1KT at 737 feet from ground zero and a burst
height of 553 feet is 0.34 second. The corresponding duration
of the dynamic pressure positive phase for 160 KT is, therefore:

tywl/3 = 0.34 x (160)1/3
1.8 seconds.

t
t

A 1 MT explosion at a height of 5,000 feet.

The time of arrival of the blast wave at a distance of 10 miles
from ground zero.

15
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d; _

hy _

SOLUTION: The corresponding burst height for 1 KT is:

-_h___ 5000
wl/3 (1,000)1/3

= 500 feet.

The corresponding distance from ground zero for 1 KT is:

__d_ _5,280 feet/mile X 10 miles
wl/3 (1,000)1/3

= 5,280 feet.

From Graph 2-9, at a height of burst of 500 feet, and a distance
of 5,280 feet from ground zero, the arrival time is 4.0 seconds
for 1 KT. The corresponding arrival time for 1 MT is:

t=t;wl/3 = 4.0 x (1,000)1/3
t = 40 seconds.
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GRAPH 2-7. Duration of overpressure on ground (1 KT burst).

The curves on Graphs 2-8 and 2-9 show the length of time required for a blast front
to hit a specific point on the ground, which is dependent upon the HOB and the distance
from ground zero to the point. Differences in the two graphs are in the ranges covered.
Both are used similarly and both are scaled to 1 KT.
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SECTION 3

A conventional explosion produces thermal energy with temperatures of a few
thousand degrees. In contrast, the fireball of a nuclear detonation will typically be
as hot as the surface of the sun, having temperatures of tens of millions of degrees.
Heat from the fireball is high in intensity and short in duration. Due to the high intensity,
heat caused by air absorption is rapidly generated. The short period of exposure time
does not allow for very much heat conduction and the heat is therefore not transferred
very deep within a material. The result of these factors is a very high surface tempera-
ture. Estimates of the effects of explosions in Japan indicate the ground surface temper-
atures directly beneath the burst reached 5,000 to 7,000 degrees F and as much as 3,300
degrees F as far as 0.6 miles away.

Another hazard related to the thermal radiation of a nuclear blast is flash blindness
from the brilliance of the fireball. As with the blast and shock energy, the effects
of thermal radiation experienced are dependent upon the distance from the explosion,
and the amount of elapsed time since the blast.

Thermal radiation contacting any object is either reflected from, absorbed by,
or transmitted through that object. The absorption is what causes damage. Absorption
levels depend upon the objects consistency, color, shape, etc. Dark objects will absorb
more than light ones. Smooth, highly polished objects are more reflective than rough
surfaced, porous materials, and so on. Absorption, put very simply, increases the temper-
ature of the object which is absorbing. Increased temperatures can cause bums, ignite
combustible materials, and melt some materials.

Other factors influencing the effects of thermal radiation are the attenuation
factors: absorption and scattering of the air. The attenuation of thermal effects are
related to the square of the distance. For example, the thermal energy present 2 miles
from a nuclear explosion is four times greater than that felt at 4 miles. Ultraviolet
(UV) energy, because of its short wavelength, is especially susceptible to being absorbed
by atoms and molecules in the air. Reradiation of the UV is likely to occur after absorp-
tion. However, it would be in all directions thereby 'diluting' the concentration in any
given area. Attenuation of the UV is particularly important to biological survival, as
it is more harmful than the infrared or visible ray forms of energy. Attenuation by
scattering is simply the diffusion of the radiation as it encounters particles in the air
or obstacles between the blast and the area of concern.

Attenuation depends on the concentration and size of the particles and the wave-
length of the rays. UV, infrared (IR), and visible rays will all attenuate differently,
but for analytical purposes, a uniform attenuation across the spectrum is assumed.
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